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Abstract: In this paper, we firstly review the neutrosophic set, 
and then construct two new concepts called neutrosophic 
implication of type 1 and of type 2 for neutrosophic sets. 


Furthermore, some of their basic properties and some 


results associated with the two  neutrosophic 


implications are proven. 
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1 Introduction 

Neutrosophic set (NS) was introduced by Florentin 
Smarandache in 1995 [1], as a generalization of the fuzzy 
set proposed by Zadeh [2], interval-valued fuzzy set [3], 
intuitionistic fuzzy set [4], interval-valued intuitionistic 
fuzzy set [5], and so on. This concept represents 
uncertain, imprecise, incomplete and inconsistent 
information existing in the real world. A NS is a set 
where each element of the universe has a degree of truth, 
indeterminacy and falsity respectively and with lies in] 0”, 
1* [, the non-standard unit interval. 

NS has been studied and applied in different fields 
including decision making problems [6, 7, 8], Databases 
[10], Medical diagnosis problem [11], topology [12], 
control theory [13], image processing [14, 15, 16] and so 
on. 

In this paper, motivated by fuzzy implication [17] and 
intutionistic fuzzy implication [18], we will introduce the 
definitions of two new concepts called neutrosophic 
implication for neutrosophic set. 

This paper is organized as follow: In section 2 some basic 
definitions of neutrosophic sets are presented. In section 3, 
we propose some sets operations on neutrosophic sets. 
Then, two kind of neutrosophic implication are proposed. 
Finally, we conclude the paper. 


2 Preliminaries 

This section gives a brief overview of concepts of 
neutrosophic sets, single valued neutrosophic sets, 
neutrosophic norm and neutrosophic conorm which will 
be utilized in the rest of the paper. 


Definition 1 (Neutrosophic set) [1] 

Let X be a universe of discourse then, the neutrosophic set 
A is an object having the form: 

А = {< x TAX, lax, Fa x »,x Е X}, where the 
functions T, I, Е : X Т0, 1*[ define respectively the 
degree of membership (or Truth) the degree of 


indeterminacy, and the degree of non-membership 
(or Falsehood) of the element x € X to the set A 
with the condition. 


0<Тіх +14 х+Рх < 3*. (1) 


From philosophical point of view, the 
neutrosophic set takes the value from real 
standard or non-standard subsets of |0, 15. So 
instead of | 0, 15, we need to take the interval [0, 
1] for technical applications, because | 0, 1*[will 
be difficult to apply in the real applications such 
as in scientific and engineering problems. 


Definition 2 (Single-valued Neutrosophic sets) [20] 
Let X be an universe of discourse with generic 
elements in X denoted by x. An SVNS A in X is 
characterized by a truth-membership function 
ТА X, an indeterminacy-membership function 
I, х, and a falsity-membership function FA x , 
for each point x in X, Ta х, Ip х, FA х, Е [0, 
1]. 

When X is continuous, an SVNS A can be written 


as 
«TA X,lAx,FAXxX,» 





A- X т ‚ХЕХ. (2) 
When X is discrete, ап SVNS А can be written as 
A= p STA Xj ДА Хі Fa Xj Tox € X (3) 


Xi 
Definition 3 (Neutrosophic norm, n-norm) [19] 
Mapping М,: (]-0,1+[х ]-0,1- x ]-0,1-0)2— ]- 
0,1+[ x ]-0,14[ x ]-0,1+[ 
Ny (х(Т1,11, F1), УСТ», 12, F2) ) = (Nn TOY), 
N, (ху), Ка. (х,у), where 
Na ГС.,.),М IC), Npn ЕС...) 
are the truth/membership, indeterminacy, and 
respectively falsehood/ nonmembership 
components. 
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N, have to satisfy, for any x, y, z in the neutrosophic 
logic/set M of the universe of discourse X, the following 
axioms 

a) Boundary Conditions: №, (х, 0) = 0, М, (x, 1) =x. 

b) Commutativity: М, (x, y) = М, (y, x). 

с) Monotonicity: If x Sy, then М, (x, 2) < Ny (y, 2). 

d) Associativity: М, (М, (х, У), 2) = М, (х, М, (y, 2). 

N, represents the intersection operator in neutrosophic set 
theory. 

Let J € (T, I, F} be a component. 

Most known N-norms, as in fuzzy logic and set the T- 
norms, are: 

“Тһе Algebraic Product N-norm: М, agevraicJ (X. У) =X + y 
“Тһе Bounded N-Norm: №, pounaeaJ (X. У) = max(0, x + 
У 

“Тһе Default (min) N-norm: М, пит (x. y) = min(x, у}. 

A general example of N-norm would be this. 


Let x(T4, 11, Ез) ара у (Ty, Lj, Е) be in the neutrosophic 
set M. Then: 
Ny (х, у) = (Ty A Ty, l VE, F1 V F2) (4) 


where the “A” operator is a N-norm (verifying the above 
N-norms axioms); while the “v” operator, is a N-conorm. 
For example, A can be the Algebraic Product T-norm/N- 
norm, so Т, ЛТ,- Т.Т) and V can be the Algebraic 
Product T-conorm/N-conorm, so T, V Т,- T4 4 T?- T, T; 

Or A can be any T-norm/N-norm, and V any T-conorm/N- 
conorm from the above. 


Definition 4 (Neutrosophic conorm, N-conorm) [19] 


Mapping Ne: ( ]-0,1--[ x ]-0,1 x ]-0,1+[ )2—]-0,14[ x ]- 
0,1+[ х ]-0,1+[ 

№ (X(T, h, Е), УСТ, 15, F2) = (№Т(х,у), Му), 
№Е(х,у)), 


where N.T(.,.), NLIC.,.), NCF(.,.) are the truth/membership, 
indeterminacy, and respectively falsehood/non mem- 
bership components. 

М. have to satisfy, for any x, у, z in the neutrosophic 
logic/set M of universe of discourse X, the following 
axioms: 

a) Boundary Conditions: №. (x, 1) = 1, № (x, 0) =x. 

b) Commutativity: Ne (x, y) = Ne (y, x). 

с) Monotonicity: if x <y, then Мс (х, z) < Ng (y. 2). 

d) Associativity: Ne (Ne (x, у), 2) = Ne (x, Ne (у, 2) 

№ represents respectively the union operator in 
neutrosophic set theory. 

Let J € (T, I, Е} be a component. Most known N- 
conorms, as in fuzzy logic and set the T-conorms, are: 
“Тһе Algebraic Product N-conorm: Ne aigepraic МХ, y) = 
х+у-х-у 

“Тһе Bounded N-conorm: Ne-boundea J(X. y) = min{1, x 
РУ 

“Тһе Default (max) N-conorm: № -тах Хх, y) = max{x, 
y}. 

A general example of N-conorm would be this. 

Let x(T4, L, F4) and y(Ty, 15, F5) be in the neutrosophic 
set/logic M. Then: 


№ (x, у) = (TIVT2, ILAD2, FIAF2) (5) 


where the “Л” operator is a N-norm (verifying the 
above N-conorms axioms); while the “v” 
operator, is a N-norm. 

For example, A can be the Algebraic Product T- 
norm/N-norm, so ТІЛТ2- T1-T2 and V can be the 
Algebraic Product  T-conorm/N-conorm, so 
ТІУТ2- TI 4 T2-TI T2. 

Or A can be any T-norm/N-norm, and V any T- 
conorm/N-conorm from the above. 

In 2013, A. Salama [21] introduced beside the 
intersection and union operations between two 
neutrosophic set A and B, another operations 
defined as follows: 


Definition 5 

Let A, B two neutrosophic sets 

А N; B= min (Т, , Tg ) max (I4, Ig ), max(F4 , Fg) 
A U4 B = (max (ТА , Тв), max (I; , Ів) ,min(F4 , Ер)) 
A Nz B={ min (T4, Tg ), min (I4 , Ip ), max (F4 , Ер)) 
A 0, B = (max (T, , Tg) , min (14 , I5) min(F, , Fg)) 
Аб= (Ед, Ід Ta). 


Remark 

For the sake of simplicity we have denoted: 

Г\ = min min max, U, = max min min 

f, = min max max, О; = max max min. 

Where f, , Uz represent the intersection set and 
the union set proposed by Florentin Smarandache 
and N, , U4 represent the intersection set and the 
union set proposed by A.Salama. 


3 Neutrosophic Implications 
In this subsection, we introduce the set operations 
on neutrosophic set, which we will work with. 


Then, two  neutrosophic implication are 
constructed on the basis of single valued 
neutrosophic set  .The two  neutrosophic 


. Also, 


properties of and are 
NS1 NS2 


implications are denoted by and 
NS1 NS2 
important 


demonstrated and proved. 


Definition 6 (Set Operations on Neutrosophic sets) 
Let A and B two neutrosophic sets , we propose 
the following operations on NSs as follows: 

A @ B =( Tat Te Xd Fat Рв 
< Ty, I4, F4 >E А ‚< Тв, Ig, Ер > ЕВ 
АФВ =( Т.Ть, 1, Ip, Е, Ев) where 
< ТА, 14, Ед >E A ,< Tp, в, Fg > E€ B 





) where 





A#B = (2ТАТВ. 2141в 2ҒдЕр 
ТА%Тр Ід+ Ів > РА+ЕВ 
Г F4 >E A ,< Tp, Ip, Fg > EB 
АФ B=( T, +Tp-T4 Ts , l4 Ig, F4 Ез) ,where 
< Ta, Ip, F4 >E A ,< Ty, Ig, Fg EB 
AG B= (Ts T, , 1,+1-1, 15, Е, +Fp-F Е»), where 
< Ta, Ty F4 >E A KT. Ip, Fg > EB 


), where 
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Obviously, for every two A and В, (A @ B), (A $ B), 

(Ast B) , AQ B and AQ B are also NSs. 

Based on definition of standard implication denoted by *A 
> В”, which is equivalent to “поп A or B". We extended 
it for neutrosophic set as follows: 


Definition 7 

Let A(x) ={<x, Ty(x) 14%) . Fa(x)> |x € XJ and 

B(x) ={<x, Tg(x) ,Ig(x) ,Е(х)> | x € X), А, В Е 
NS(X). So, depending on how we handle the 
indeterminacy, we can defined two types of neutrosophic 
implication, then , 115 the neutrosophic type! defined as 


А as POS Е.С) УТь(х) , Гах) Л1Ь(х) .Та(х) 
^Еь(х) >|хЕХ} (6) 
And 

" is the neutrosophic type 2 defined as 


A des В =={< x, Ға(х) V Тв(х) ,1а(х) V 1в(х) ,Та(х) 
лЕ(х) > |хЕХ} (7) 

Бу V and A we denote а neutrosophic norm (N-norm) and 
neutrosophic conorm (N-conorm). 


Note: The neutrosophic implications are not unique, as 
this depends on the type of functions used in N-norm and 
N-conorm. 

Throughout this paper, we used the function (dual) min/ 
max. 


Theorem 1 
For А, В апа С Е NS(X), 
1. А ULB С = А 
№1 №51 


i; А Bn,C=(A 
№51 №51 


С): (BC) 
B) (АС) 


iii. An, В C=(A C )U,(B C) 
. NS1 NS1 NS1 

iv. a uc BUiC-(A,. B JU, (А а О 
Proof 


(i) From definition in (5) ,we have 


AU,B ee С ={<x ,Max(min(F, , Ер), Те). Min(max 
(14, I5), Ic ) , Min(max (T4 , Тв), Ес) >| x e X} (8) 
and 


(A 7 C) п, (B i С)= {<x, Min( max(F, , Тс), 

тах(Ер, Tc)) , Max (min (I; , Ic), min (Ig , /с)), Max(min 
(Тл. Ес), min (Tg , Ес) >| x e X] (9) 

Comparing the result of (8) and (9), we get 

Max(min(F, , Fg), Тс)= Min( max(F, , Тс), max(Fg , To)) 
Min(max (1, , Ig), [с )= Max (min (14 , Ic), min (Ip , [с)) 
Min(max (T, , Тв), Ес)= Max(min (T4 , Ёс), min (Тр, Ес)) 
Hence, AU, B A C = (А s C) nN, (B А С) 

(п) From definition in (5), we have 

A d Bn, C={Max(F,, min(Tp , Tc)) , Min(I4 ,max 


(15, Ic) ) , Min(T4, max (Fg , Ес) >| x eX] 
and (A us B sf CAL. C ) = {<x, Min (max (F4 


‚ Тв), max(F4 , Tc)) , Max d (I, , 15), min (I, , Ic), 


(10) 


Max(min (T, , Ер), min (T4, Ес) >| x € X} 

(11) 

Comparing the result of (10) and (11), we get 
Max(F,, min(Tg , Тс))= Min( max(F, , Тв), 
max(F, , Тс)) 

Min(]4 ‚тах (Ip , Ic) )= Max (min (1, , Ip), min 





(а, Г)) 

Min(T4, max (Ер, Ес)= Max(min (T, , Ер), min 
(T4 , Ес)) 

Hence, А П; B iui C=(A та С) о, (В eee C) 


(iii) From definition in (5), we have 


AM B „s, С=1< x, Maximax(F, , Ев), Тс), 
Min(min(/, , Ig), [с ) , Min(min (T4 , Tg), Ес) >| x 
€ X) (12) 

and 


(А еа 291 @ ps, © = 18% Max( тах(Рд , Tc), 
тах(Ер , Гс)) , Max (min (1, , Ic), min (Ig , [с)), 
Min(min (T, , Ес), min (Тв, Ес)) >| x € X} 

(13) 

Comparing the result of (12) and (13), we get 
Max(max(F, , Ев), Тс)= Max( max(F, , Тс), 
тах(Ев , Тс)) 

Min(min(/, , Ig), Ic )= Мах (min (1, , Ic), min 





(Ів, Ic)) 

Min(min (T, , Tg), Ес)= Min(min (T, , Ес), min 

(Тв, Fo). 

Hence, А П; B C=(A C )U, (B C) 
NS1 NS1 NS1 


(iv) From definition in (5), we have 
A x В о, С ={ <х, Мах ( F, „Мах (Tg „Te )), 


Min (14 , Max (Iz , Ic )), Min(T,, Min(Fs , Ес)) 
>|x e X) (14) 

and 

(A Nei B )U, (A 96 С ) = { <х, Max(max 


(F4, Tg), max(F, , Тс)) , Мах (min (J, , Ig), min 
(1,,16)), Min(min (ТА , Fg), min (Та, Ес)) >| x € 
Xj (15) 

Comparing the result of (14) and (15), we get 
Max ( F4, Max (Tg , Tc )) = Max( max(F, , Тв), 
max(F, , T¢)) 

Min (I; , Max (lp „Г )) = Max (min (1, , Ip), min 
(14, Ic) 

Min (T4, Min(Fg ‚Ес ))  Min(min (T, , Ер), min 
(T4 , Ес)) 
hence, A | BU,C=(A  B 294 (А 40) 
In the following theorem, we use the 

operators: N = min min тах , U, = max min 
min. 


Theorem 2 For A, B andC € NS(X), 


i AUB C 
NS1 
С) 


аа ) N2 CB isi 





Said Broumi and Florentin Smarandache, On Neutrosophic Implication 


Neutrosophic Sets and Systems, Vol. 2, 2014 





ii. A Bn,C=(A B)N, (A с) 
» NS1 NS1 NS1 
lli. АП), В ESCA © UCB ©.) 


NS 


iv. A ВУСА, В) (A.C) 


Proof 
The proof is straightforward. 
In view of A ,B={< x, FAVTg „АМТ „ТЛЕ >|x 


€ X} , we have the following theorem: 


Theorem 3 
For A, В апа С Е NS(X), 
1. А Ч, В С -(А C)NA (B С) 
NS2 NS2 NS2 


i A BM CSA ВА. C) 
NS2 NS2 NS2 

ii ANB С=А C)U(B С) 

і NS2 NS2 NS2 

iv. А, BU CEA, В (A C) 


Proof 
(i) From definition in (5), we have 
AU, В "m С ={<x, Max(min(F, , Ер), Тс), Max(max 


(14, Ig), Ic ) , Min(max (T4, Тв), Ес) >| x e X} (16) 
and 
(A x5 C )n, (B Nis C )= {<x, Min( max(F, , Тс), 
max(Fg , Тс)) , Мах (max (I, , Ic), max (Ig , [с)), 
Max(min (T, , Ес), min (Tg , Ес)) >| x E X} 
Comparing the result of (16) and (17), we get 
Max(min(F, , Ев), Тс)= Min( max(F, , Тс), max(Fg , Тс)) 
Max(max (I, , Ig), [с )= Max (max(I, , Ic), max (Ip , 1.)) 
Min(max (T, , Тв), Fc)» Max(min (T, , Ес), min (Тр, Fo) 
hence, A U, B C (A С) п; (В С) 

NS2 NS2 №52 
(ii) From definition in (5) ,we have 
A В п, C={<x ,Max(F4, min(Tg , Тс)) , Max(I4 , max 


NS2 
(Ip ,1с)), Min(T4, max (Fg, Ес) >| x eX) (18) 
and 


(A E B)n(A s C ) = (xx. Min( max(F, , Tp), 


max(F, , Тс)) ‚ Мах (тах (I, , I5),max (I4 , [с)), Max(min 
(T4 , Ер), min (T4, Ес)) >| x e X} (19) 
Comparing the result of (18) and (19), we get 
Max(F,, min(Tp , Тс))= Min( max(F, , Тв), max(F, , Тс)) 
Мах(1, ,max (Ip , Ic) )= Max (max(1, , Ів), max (I4 , Ic)) 
Min(T4, max (Fg , Ёс)= Max(min (T, , Fg), min (T4 , Ес)) 
Hence, A Bn, C=(A В ) П; (A C) 

NS2 NS2 NS2 
(iii) From definition in (5), we have 
А п; В БҮК С ={<x, Max(max(F, , Fp), Те), Max(max 


(14, Ig), [с ) , Min(min (T4, Tg), Ес) >| x E€ X} (20) 
and 
(А i, C ) U1 (В о C ) = (Мах max(F, , To), 


тах(Ер, Тс)) , Max (max (I, , [с), max (Ip , [с)), Min(min 
(T, , Ес), min (Тв, Fc) ) (21) 
Comparing the result of (20) and (21), we get 
Max(max(F, , Fg), Тс)= Max( max(F, , Тс), тах(Ёв , Тс)) 
Мах(тах(/4 , I5), Іс )2 Max (max (I, , Ic), max (Ip , Ic) 
Min(min (ТА , Тв), Ес)= Min(min (T, , Ес), min (Тр, Ғс)), 


(17) 


hence, A f В о ССА € 2. CB, C) 


(iv) From definition in (5) ,we have 
A xs ВУ, C={<x, Мах ( F4, Max (Tg , Те )), 


Max (I4 , Max (Ig , Ic )) , Min (T4, Min(F, ‚Ес 
D> | x E€ X} (22) 

and 

(A - В )U, (A "e C )= Max( max(F, , Tp), 


max(F, , Tc)) , Max (max (I, , Ig), max (I, , Ic)), 
Min(min (Тл, Fg), min (TA, Ес) (23). 
Comparing the result of (22) and (23), we get 
Max ( F4, Max (Tg , Tc )) = Max( max(F, , Tp), 
max(F, , Тс)) 

Max (I, , Max (Ig , Ic )) = Max (max (I; , Ip), 
max (I, , Ic)) 

Min (T4, Min(Fg ‚Ес )) = Min(min (T, , Ер), min 
(T4 , Ес)) 

hence, А, BU,C=(A „В 2914 (А ©) 


Using the two operators N, = min min max , 
U, = max min min, we һауе 


Theorem 4 
For A, B and C € NS(X), 
1. AU;B 6 САС) (B is 
C) 
ii. A as; ВП2 СЕА BO) N2 CA is 
C) 


ii ANB C-(A, C)UB, C) 


iv. A ВУСА, „В (A.C) 


Proof 
The proof is straightforward. 


Theorem 5 
For A,B Е NS(X), 


1. LE ВС = A6 U, BS 

11 Cyc (AC C ye — 

ii. (А iso B*)* =(A® 9, BS Y = А N 

B 
сүс — 
iii (A Аы В") = А п, В 
iv А6 В=АЧ,В 
NS А 

У A as P =(A 0 В) 
Proof 


(i) From definition in (5) ,we have 


A А ВС ={ <х, max (F, , Fg) „тіп (I; , [5 ) , min 


(Ty Tp )|x € X) (24) 

and 

AC U} ВС ={ max (Fy, Fg) min (I4 , [в ) , min (Та, 
Tg)) (25) 
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From (24) and (25), we get А 26 ВС = АС U, B^ 


(ii) From definition in (5), we have 

АС U, ВС ={<x, max (F, , Ер) min (I4 , [5 ) , min 
(Ty, Тв) > |X € X) (26) 

and 

(AS U, B^ )*z {<x, min (ТА , Tg ),min (I4 , [в ) тах 
(Fy ,Fg) >|x € X} 

(27) 

From (26) and (27), we get (A es Beye 

-(АС U, ВС Y- АП. В 

(iii) From definition in (5) ,we have 

(A ВС) ={ <x, min (T, , Тв), min (I4 , [5 ), шах 


NS1 
(Ел, Fg) >| ХЕХ} (28) 
and 
A f B={ min (T4 , Тв ), min (I, , Ip ), max (Еа, Fg)} 
(29) 

From (28) and (29), weget (A РТА ВС) = А п, В 
(iv) | 

AC 9 В=А 0, В ={ <x, тах (T, ‚ Tg) , min (I, , Ig ), 
min (F4 , Fz ) >|x eX) 
(v) 
A Net В ={ <х, max (F; , Fg ),min (I; , [5 ) , max (Та, Tg) 
>|x € X} (30) 
and 


(A п, В )* ={<x, тах (Е, , Fg ),min (I; , Ig ) , max 


(Та. Тв) > |x e X) (31) 
From (30) and (31), we get A 5 ВС = (А п, B) 
Theorem 6 
For А,В Е NS(X), 
1. (А В)“ _ A @ В) = (А@В)° 
2 (А B у -(AQB) 
ii. (AGB)* -— (AQ B) = (AQB)* 
, (48 В) - (40 B) 
iii. (A@B)*° Mes (АҒ В) = (А# B)* 
" (AQ В) =(А# B) 
iv. (АФВ) ° xi (A$ В) = (AS$B)* 
7 (АӨ В) = (А ФВ) 
v. (AGB) © a (A$ В) = (A$B)* 
7 (AGB) -(А%В) 
Vi. (A@B) * ie (АФ В) = (AG B)* 


à (А® B) =(АФВ) 


Proof 
Let us recall following simple fact for any two real 
numbers a and b. 
Max(a, b) +Min(a, b) = a +b. 
Max(a, b) x Min(a, b) = a x b. 
(i) From definition in (6), we have 





(4®B)® (AQ B) = (x Max T4 +Ть-Та 
To An такта) "Minds [cat 12) ;Min(F, Ер, 247 na тв.) 
хех 2 
Т, Tp, I4 Ig, F4 Ев) 

=АФВ (32) 

and 

(А@В)° (А ӨВ) = (525; lat ip ТАЧТВ 





2 2 


sis (Т, +Т- T4 Тв , IA Ip, F4 Fy) 
= {<x, Max( 4772. Т, 4T5-T, Тр) Min( 477. ], 
Ig) Min, F, Fz) >|x €X} (33) 
-(Т, “Тр-Т, Тв, I4 Ip, F, Fp) 
= АФВ 
From (32) and (33 ), we get the result ( i) 
(ii) From definition in (6), we have 





(AGB)* = (Ts T4, + Ig — l; Ip, РА + Fg — 
ҒА Еъ)= (F4 + Fg — Ед Fp, l4 + Ig — 

I, Ig, Тв ТА) 

(AGB)* . (AQ B)- 


-(Е, ua p ЕТТЕ 
TAt Tp 1А+1в FAtFp ) 
2215 UM "a 


Ia Is, Tg Ta) po ( 




















={<x, Max (Тв ТА, Tat 78) .Min(Ig RE Ig — 
I, Ig, 4*5) Min(Fy + Fp — Fa Ер, 8) > | x 
А ІВ» А В АТВ» 
е Х) 
= (Pants facie TALE) (AQ B) (34) 

and 

(AQB)* T (AQ В) = 

Fa+Fg latig ТАФТ 
os > ae И =) isi Та Тв, Ia Hola 
Ip, Ед +Еъ-Ед Ев) 
-(<х, Мах(74+ un Т, Тв), Min (+ ів ‚Іа +в-14 


I5), Min (em. Е-Е, Fg) |x € X} 


ТА%Тр 1А+1В E 


=e иі. - (AQ B) 
From (34) and (35 ў ме = the result ( 11) 
(iii) From definition in (6) ,we have 

(AQB): bad (АЯ В) =(F, + Fg— 
Ед Fp, I4 + Ip — l4 Ip, Тв Та) xd 


(LATE 21ДІр 2ҒдЕр 
Tat Tg! ТА+ Ig! FAt Ев 


2TAT В 
= {<х, Max (Tg T4 , Tart) МИА + Ів — La Ig, 
B 
21А1В 2FAFpg 
Min(F, + Fz — Ед F >|хех 
21418) Min(Ey + Fp — Fa Fo, 2452) > |x € X) 
-(2TATB | 2141в „2РаРву 
ТА+Тв 1А+1в Ед+ Ев 


=(А# В) (36) 


and 
с -/2ЕдЕв 2ТА1В 
(Ая В) NS1 (A& B)=( Fat+Fp’ ТА+ Ів 


op СТВ Ta 1+16-14 16, Fa Fg Fa Ев) 
2 ТАТВ я Te Т.) „Мі lale. 
ТА+1В 


={ <x, Мах ( 
ТА+Тв 
= , Fa +Ер-Ел Ев) >| x € X) 
B 





(35) 











2ТАТВ 
E TAt Тв 





) 








2FAFpg 


15), Min “4 
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_,2TATB 21А1В 2FAFB 


ТА+Тв Ід+ Ів Ед%Ер 

From ( 36) and (37), we get the result (iii). 
(iv) From definition in (6), we have 
(АФВ) © и (A$ В)= (Е, Fg, , 14 Ig. Та +Ть-ТА Тр) 
oal ТАТ» 1,15, РР») 

= (<х, Max (Та *Tg-T4 Тв, Та Тв), Мика Ip, 

I4 Ip,), Min(F, Fg, Е Fg) >|x € X) 
-( ТАТ, 14 Ig, Fa Fe) 

=(А$ В) (38) 
апа 

" “ты TT oT 

(A$ B) "S (AQ В)= (С FAFg, 1, Ig, Ta Tp) aa 
Тл *Tg-TA Tg , I4 Ig, ҒА Fp) 
={< x, Мах( T4Tg , Та *Tg-T4 Тв) .Min(. I4 Ів, Ід Ів 
)Min( F, Е.Е Ев) >| x E X} 

-( Та Тв, М Ів, Fa Ев) 

=(А $ В) (39) 
From (38) апа (39), we get the result (iv). 
(v) From definition in (6), we have 
(ABB). | (A$ В) = (Ел + Fg — F4 Fp, l4 + Ip = 
la ls, Ts Ta), ( Tate» Tale» ЕБ) 

={<x, Мах (Тв Тл. Та Тв) „Міп(І4 + Ів — [а Is, 

I4 Ig), Min(F, + Fp — Ед Ер, АЕ) >|x € X) 


























-( TATg, lą lg, F4Fg) 

=(A$B) (40) 
and 

(A$ B)* жер (А & B) =( FFs, 1А в 


‚ ТАТв) m. Тв Та , l4+Ig-l4 Ig, F4 +Ев-Ед Ер) 
-(<х, Мах ( T4 Ть,Тв Тл ),Мі Іа Ig, I4 t В — 14 In 
), Min( FAFg,F, + Fp — Fy Fg) >| x € X} 
-( Т,Т,, 1, Ig, ЕАЁь) 
=(A $ B) (41) 
From (40) and (41), we get the result (v). 
(vi) From definition in (6), we have 
с — c 

(AGB) "e (AQ B) = (АФВ) Md (АӨ B) 
=(АФВ) 
(40B) ° s A® В) = (Ед + Ер — Е Ев, l4 + в — 
I, Ig, Тв Ta) se Тл *Tg-T4 Тв , I4 Ig, F4 Ер) 
={<x, Max (Tg Та, Т, *Tg-T4 Tg ) Мал + Ig — I4 1514 
[в ), Min(F, + Fy — Fy Е.Е Fp) > |x € X} 
= (Та +Ть-ТА Тв , I4 Ig, Ел Ер) 
-(A ФВ) (42) 
and 
(AQ B)* xd (A & B) =(F, Ев, I4 Ig, Та +Ть-Тд 
Tg) M ( Tg T4 , Ly Ig-I4 Ig, Fa --Ер-Ғ Ер) 
={<x, Max (Т, *Tg-T4 Тр, Тв T4 ) , Min (IglI4 , I4*Ig-I4 
I5), Min(F, Fp, F4 *Fg-F4 Fg) > |x € X) 
= (Та +Ть-ТА Тв , I4 Ig, Ел Ер) 
-(A Ө B) (43) 





From (42) and (43), we get the result (vi). 
The following theorem is not valid. 


Theorem 7 
ForA,B €NS(X), 


1. 


iii. 


уі. 


Proof 


(A B) (A@B) = (AGB) 
(A Bye” 

(AGB) 

(A@B) |, (AO BY 
NS1 (4 ® В) 
= (A® B) 

(AGB) | (АЯ В) | 
№51 (АФ B)* 
= (A& B) 

(ABB) (Ай B)" 
а (A8 BY “= (A@B) 
(AGB) | (A$ В) = (ASB) 
vey А ӨБ = (4$B) 

(ABB) | (А% В)С = (ASB) 


ны (^8 B) =(48B) 


“= (A@B) 


(A# B) 


(A# B) 


The proof is straightforward. 


Theorem 8 
For A, В Е NS(X), 


i. 


li. 


iii. 


Proof 


(A в), (AG B)* = (AGB) 
ма A PY =(А@В) 
(AB) | (A@ В) = (AGB) 
о (8 В) = (48 B) 
(AGB) (Ағ В) “= (A#B) 
Qo 0 В): - (A# В) 
(ABB) | (Ай B) = (AB) 
Го (A8 B)? = (49 B) 
(AGB) | (A$ В)С = (458) 
ма 09 BY = (ASB) 
(ABB) |. (A$ B)° = (A$B) 
„, (49 В) - (48 B) 
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(i) From definition in (6), we have 
с. 
(А В) а (A @ ВУ = (T4 *Tg-T4A Tg , la Ig , Fa 
РА+ Ев latig ТА+ТВ 
Ев) №52 ( 2 , 2 , 2 ) , 
Мах Е, Fp, “ats в Max І, Ip A : 
={<x ; > | 
Min T, R Т; Tis 
x € X} 
- ҒА+ Ев ТА+1в ТА+ТВ с 
таа ТА+ Ів Fat Fo 
p ee eae ae > ) 
=(A@B) (44) 
and 
с 
(дев), (AO В)“ 
Ж, - быт, Tatie Fat Fo, (F, ЧЕТУ de es 
2 2 52 
ТА hy 


FAT Е ТА+Т . ТАФТ 
Мах zm Ea Ев ‚Мах v uda Ip ,Min( 47, T, + 


























с 
Тв — ТА Тв) 
_ FatFg ТА+1в TatTp e 
ELM ДИГИ 
БТА tn ТА+ ТВ TAPES 
БВ 222 32702 
=(A@B) (45) 
From ( 44) and (45), we get the result (1). 
(ii) From definition in (6) ,we have 
с 
(AGB) | , A@ B) = Max Fy +Е = 
Fy pp, tate в Мах 4+1 — 
I, lp, “== „Min Т, T,,7472 
AT T, [nt lp Ls Fa + Fp — Ед Ер) 
= (AQ B) (46) 
and 
с 
e (atte late Fat Fe 
(A@B) |, (AQ В) =(<x GAUZE latie Zatte) 
(F, + Fp = "Festa + lp hls T TO» Ix € X) 
Fat Е 5 
Мах ^^ E p. +Fg—FaFpg , 
I I T T 
Max at Belgie a MID a В fi 
= F, + Fg — Е Fg, l4 + Ig — 1, Ig, Тв TA ç 
=(Tp Ta, I4 + Ig — 1,15, Ед + Fg — F, Ер) 
=(A®@ B) (47) 


From (46) and (47), we get the result (i). 
(iii)From definition in (6), we have 


(AGB)  (A# B) = 















































Max Ec ae ‚ Max nis „Min Тұ + 
с 
2ТАТВ 
Тв — T4 Тв, TatTR 
_ 2FAFB 2141в 2TATp ^ 
B Fat Fp’ ТА+1в ТА+Тв 
_ 2ТАТВ 21Ідір 2ЕАЁЕВ 
= ТА+Тв” Tat Ip’ Fat Ев 
= (A# B) (48) 
and 
с 
C _ 2TATB 2lalp 
(АЯ B) №52 ABB = ТА%Тв” 1441? 
2FAF 
e em T ( F4 Ев, ‚ША Ig, Та +Тв-ТА Тв) 
2FAFpB 2lAIB c 
Max PINE ,F, Ер ‚Мах HEI ‚15, 
22 2TaT 
Min TUS Т, + Tg — ТА Tg 
_ 2FAFg  2lAlg 2TATg ^ 
Е ЕА+ Ев la+ Ip’ ТА+ Тв 
2ТдДТр 21Ідір 2ЕАЕв 
ТА%Тр Tat lp’ FAt Ев 
- (A B) (49) 
From (48) and (49), we get the result (iii). 
(iv) From definition in (6), we have 
с 
GU 
(AGB) a (A# B) = 
2 F4 Fg e 
Max F, + Fg — Fa РВ, ар , 
Max I, + Ig — la Ip T „Min Tg T,, 27418. 
Ta+ Tg 
= F, + Fp – Ед Ер, pope 1 lp, Tp Ta d 
= Tp Та, I, lg — l, Íg, Fa + Fg — Fy Ер 
=(А® B) (50) 
and 
с 
(Af B) | , A® B) - 
2FAF. 
- Max ian BF, +Ез – 
21А1в 
F, Ер , Мах rl, + Ip – 
IAt Ів 
с 
22 2ТАТв 
Ав, „Min EF ‚ Тв T4 
= F, + Fp — Fy Fp, I, Ig — l; Íp, Tp ТА * 
= Tp T4, I, lg — 1, lg, Fa + Fg — Fy Ер 
=(А® B) (51) 
From (50) and (51), we get the result (iv). 
(v) From definition in (6), we have 
с 
cC es 
(АФВ) | (AS B) = 
Max Е, Ез, Е Ев „Мах А, 1, №, 
Міп Т, + Тр m. Тв, ТА Тв 
= F, Ер, I, 15 Ip, [PU 
=( Та Тв, I, в, Fa Fp) 
=(A $B) (52) 
and 
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с 
с - 
(ASB) | (AO B) = 
Мах Е, Fp, Е, Fp ‚Мах I, Ip, 4}, 
Min Т, Tp ‚ТА + Тв = Т, Тв 
= F4 Ев, I4 Ig, Т, Тв 4 
-( Та Тв, la Ig, Fa Fp) 
=(A $B) (53) 


From (52) and (53), we get the result (v). 
(vi) From definition in (2), we have 


(48B) (А8 8)” 








Max F, +Ез – Е, Ез, Е, Е, 
Max 1,+15 = 1,1», I, 15 ,Міп Tg Ta, Т, Тр 
= Fy + Рь — Fy Fp, la + Ig — l; Ig, Тв TA € 
= Tg Ta Ia + Ig — I4 Ip, РА + Fg — Fa Fg 
-(А 9 B) (54) 
апа 
с 
(A$ B) 25 (AQ B)E = 
Max Е, Ез, Ел + Ев = Е Ев, 
Мах Т, Ip, 1, +15 1,16 ,Min Т, Tg, Tg T4 
= F, + Рь — Fy Ев, la + Ig — М [в, Тв TA € 
= Tg TA 1, + Ig — 14 Ig, F4 + Fg — РА Fg 
=(A & B) (55) 
From (54) and (55), we get the result (v). 
The following are not valid. 






































< T4 < Tg A B A B Ү(А э 
| F,> f Fp > NS1 NS1 B) 
<0,1> <0,1> <1,0> <1,0> <1,0> 
<0,1> <1,0> <1,0> <1,0> <1,0> 
<1,0> <0,1> <0,1> <0,1> <0,1> 
<1,0> <1,0> <1,0> <1,0> <1,0> 
Theorem 9 


l- (A B)'.. (AGB) = (A@BY (А В) 
-(АӨВ) 

2 (АӘБ): (AQ В) = 

(AQB) .. (AG B) - (AQ B) 

3- (A®B) | (A ВС = 

(ABB) | (AQ B) = (а B) 


4- (AQB) (АЯ B) = 


(AR B)* | (AQ B) = (Aft B) 


5- (AOB)* „„ (A$ B) = (A$BY 

те (АӨ В) = (4 ӨВ) 

6- (ABB)*... (A$ B) = (4% В) 

тә (AQB) =(A$B) 

8- (АФВ) с, (A$ B) = (4% В) 

лә (А®В) =(A$B) 

9- (ABB)*,. (A® В) = (AQ В)" 
(AQB) = (АФВ) 


№52 
Example 


We prove only the (i) 
x c 
l- (А B) e (A Q B) 








ТА+Т 

F, Fs, lal, Ta + Тв — Ta Tg p ( 5 
ТА+ Ів Bathe) 

2. 7 2 
={<x, max (Т, + Tg — T, Tg , 4228 ) 
max(I4I5, 4775) тіп (Е, Ев, 74772) > |x € X) 
={<x, ТА + Тр — T, Ty (ЖЫ TATE > |у 
€ X) + (АФВ) 


The same thing, for (A@B)° AU (A B) 
Then, 

(A В‘, (AGB) = (AGB 
25 (А В) ғ(АӨВ). 


Remark 

We remark that if the indeterminacy values are 
restricted to 0, and the membership /поп- 
membership are restricted to 0 and 1. The results 
of the two neutrosophic implications Sn and 


NS collapse to the fuzzy /intuitionistic fuzzy 


implications defined (V(A— B) ) in [17] 


Table 

Comparison of three kind of implications 

From the table, we conclude that fuzzy 
/intuitionistic fuzzy implications are special case 
of neutrosophic implication. 


Conclusion 

In this paper, the neutrosophic implication is 
studied. The basic knowledge of the neutrosophic 
set is firstly reviewed, a two kind of neutrosophic 
implications are constructed, and its properties. 
These implications may be the subject of further 
research, both in terms of their properties or 
comparison with other neutrosophic implication, 
and possible applications. 
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